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Abstract 
We investigated trophic transfer efficiency in the pelagic food chain of deep, oligotrophic 
Lake Stechlin (Germany) by analyses of the primary, secondary, and fish production. Prima- 
ry production between April and November 2000 was estimated at 78 g C m -z, pelagic sec- 
ondary production at 14 g C m -2, and production of the main planktivorous fish species [Eu- 
ropean cisco, Coregonus albula (L.)] at 0.77 g C m -2. Thus, trophic transfer efficiency be- 
tween primary and pelagic secondary production was around 18%, whereas between pelagic 
and fish production around 6%. The high efficiency at the first step of the chain is discussed 
to be due to the high food quality in oligotrophic lakes due to the dominance of Bacillario- 
phyceae and Chlorophyceae rich in essential fatty acids. In turn, the relatively low trophic 
transfer efficiency between the secondary and the fish production is mainly explained by the 
avoidance of calanoid copepods as food source by the ciscoes. Concerning the trophic trans- 
fer efficiency, results from this study support he general assumption of a 10% transfer be- 
tween neighbouring trophic levels within ecosystems. 
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Introduction 
Fish are the main protein supply for more than 1 billion 
humans (FAO 2002). Decreasing populations of fish 
have increased the demand to understand trophic rela- 
tionships and population dynamics within aquatic 
ecosystems in the last century. Those research activi- 
ties arose particularly in marine ecosystems because 
entire fish populations became xtinct from overfish- 
ing by commercial fisheries, for example the north 
American cod (Gadus morhua) population (e.g. 
HUTCHINGS 2000; HUTCH~NGS & MYERS 1994; FRANK 
& BRICKMAN 2001), flatfishes (e.g. Pseudopleu- 
ronectes americanus, RICE & COOPER 2003) and 
salmon (e.g. Oncorhynchus t hawytscha, NOAKES et al. 
2000). Overfishing is similarly important in freshwater 
fisheries, especially in the developing countries of 
Africa, Asia, Eastern Europe and South America 
(GOPAL & WETZEL 1995; OGUTUOHWAYO et al. 1997). 
Scholars uggest most freshwater fish stocks are at risk 
of overfishing (FAO 1997). Fisheries are expected to 
become an even larger food resource when the global 
population reaches 10 billion in the new century (e.g. 
TANAKA 2002). 
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Several models for sustainable management of fish 
populations have been developed, such as theoretical es- 
timates of the maximum sustainable yield for single or 
multi species fisheries (e.g. GORDON 1954; PITCrmR & 
HART 1982; KtNC 1995; HOAGLAND & JrN 1997). Other 
models test stock and recruitment relationships (e.g. 
JENMNGS 2000). One problem in most studies is their 
need for considerable t chnical and financial effort, as 
well as a lot of manpower, to collect basic data on fish 
populations. A more practicable tool is a yield estima- 
tion, assuming a defined trophic transfer efficiency 
(TTE) of organic arbon between eighbouring trophic 
levels within aquatic ecosystems. Especially for marine 
systems it was shown that the TTE between trophic lev- 
els is usually around 10% (PAULY & CHRISTENSEN 1995). 
Thus, the marine fish production can be easily estimated 
when primary production and the number of the trophic 
levels are known. In contrast, detailed studies of the TTE 
in freshwater lake ecosystems are rare and difficult to 
apply because of the complicated links within the pelag- 
ic food web in lakes (e.g. CARPENTER et al. 1985; CAR- 
PENTER et al. 1987; PERSSON et al. 1988; JEPPESEN et al. 
1997; GAEDKE 1998). To test the relationship between 
TTE and yield of freshwater fisheries, asystem in which 
the pelagic food web is relatively simple is useful. Olig- 
otrophic Lake Stechlin (Germany, Brandenburg) is ideal 
due to its low number of aquatic taxa involved in the 
pelagic trophic relationships (CASPER 1985; KOSCI-mL & 
ADAMS 2003). In a yearly mean, the total crustacean 
biomass is represented by just two copepod species, 
namely Eudiaptomus gracilis and Eurytemora l custris 
(KASPRZAK & SCIqWABE 1987; WE~LER et al. 2003). In 
addition, the pelagic area of the lake is dominated by 
more than 95% of the total fish catch by two species of 
ciscoes, Coregonus albula and C. fontanae (SCHULZ & 
FREYHOF 2003; SCHULZ et al. 2003) making Lake Stech- 
lin a very good model system, particularly for estimates 
of TTE, fish biomass, and fish production. 
Goals of this study were i) to estimate the pelagic 
trophic transfer efficiency in Lake Stechlin by detailed 
analyses of the primary, zooplankton secondary, and fish 
production and ii) to evaluate the sustainability of the 
commercial fisheries on the lake by comparing the annu- 
al cisco yield to the estimate of total cisco production. 
Material and Methods 
Study site 
Lake Stechlin (Brandenburg, Germany, 53°10'N, 
13°02'E) is situated approximately 100 km north 
Berlin (Fig. 1). The medium sized (4.23 km 2 surface 
area) lake has a maximum depth of 69.5 (average 23.3 
m), its the second deepest lake in northern Germany 
(KOSCHEL & ADAMS 2003). According to the phospho- 
ms load (0.04-0.07 gTP m -2 year -l) and a primary pro- 
duction of 121 g C m -2 year -1, it has preserved its oligo- 
trophic status to present (KOSCHEL et al. 2002). The phy- 
toplankton community is dominated by centric diatoms, 
cyanobacteria of picoplanktic size, and green algae 
(PADISAK et al. 1998; PADlSAK et al. 2003). Calanoid 
copepods (Eudiaptomus gracilis and Eurytemora l cus- 
tris) dominate the pelagic zooplankton community, fol- 
lowed by cyclopoid copepods (Acanthocyclops robus- 
tus, Cyclops kolensis, C. vicinus, Mesocyclops 
leuckarti, Paracyclops sp., Thermocyclops oithonoides ) 
and cladocerans (Bosmina coregoni, B. longirostris, 
Bythotrephes longimanus, Ceriodaphnia spp., Daphnia 
cucullata, D. hyalina, Diaphanosoma brachyurum and 
Leptodora kindtii) (KASPRZAK & SCHWABE 1987; 
SCHULZ et al. 2003). In the lake, 13 fish species have 
been found in a composition which is typical for this 
lake type (ANWAND et al. 2003). But the pelagic fish 
community is only dominated by two coregonid 
species, the European cisco (Coregonus albula) and the 
Fontane cisco C. fontanae (SCHULZ & FREYHOF 2003). 
There is one single commercial fishery at the lake, 
mainly fishing for European cisco, perch (Perca fluvi- 
atilis), and pike (Esox lucius). 
Calculations 
Phytoplankton primary production was analysed once 
per month in April and November 2000 and biweekly 
from May to October 2000. Primary production was av- 
eraged when two measurements for one month were 
available. 
All samples were taken and exposed at the deepest lo- 
cation of the lake (Fig. 1) in 0, 2.5, 5, 7.5, 10, 12.5, 15, 
17.5, 20 and 25 m depth. Primary production was esti- 
mated by the 14C method (STEEMAN-NIELSEN 1952; KOH- 
LER et al. 1999). Duplicate dark and light glass bottles 
(volume 300 ml) were supplemented with approximate- 
ly 370 kBq [14C]NaHCO3 and incubated in situ for 4 
hours (usually from 1000 to 1400 hours). After incuba- 
tion the water samples were fixed with 1 ml formalde- 
hyde. From each dark and light duplicate 25 ml subsam- 
ples were filtered (vacuum did not exceeded 50 kPa) 
through 6 ,um (type Schleicher & Scht~ll NC 60) pore- 
size membrane filters to stop total primary production. 
The amount of 14C radioactivity of each filter was 
measured by liquid scintillation counting (liquid scintil- 
lation counter: Canberra-Packard, type 1900 TR, cock- 
tail Ultima Gold, absorber Carbo-Sorb). The value of the 
dark bottle was subtracted from the value of the light 
bottle. To correct for isotope discrimination a factor of 
1.06 was used. Further details of standardization, deter- 
ruination of activity of the 14C working solution, and cor- 
rections of 14C measurements aredescribed inKOHLER et 
al. (1999). 
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Fig. 1. Bathymetric map of Lake Stechlin (CASPER 1985) and its location in Germany (black square). The circle indicates the sampling location 
for primary production, zooplankton andfishing at the deepest point of the lake. 
The 4 hour primary production measurements were 
extrapolated to daily rates by applying a procedure 
based on radiation data from the German Weather Ser- 
vice (Station Lake Stechlin) 
Cassirrdd = CassimJex p * QG / Qexp (Equation 1) 
where Cas~im/d is the daily primary production, QG is the 
daily global radiation and Qexp the 4 h global radiation. 
Zooplankton samples of herbivorous pecies were 
collected twice a month from April to November 2000. 
To analyse the vertical distribution a d to estimate the 
population centres of the zooplankton species (HOF- 
MANN 1972), samples were collected with a closing net 
(mesh size 90 pm, length 1.2 m, opening area 0.027 m 2) 
in 5 m intervals from the surface to the bottom at the 
deepest point of the lake (Fig. 1). Simultaneously, tem- 
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perature was measured with an OXI 196 meter (WTW, 
Weilheim, Germany) at 5 m intervals. Diurnal differ- 
ences in zooplankton distribution were determined by 
sampling at midday and the following midnight on each 
sampling day. All samples for quantitative analyses were 
preserved in a formalin-sucrose solution (HANEY & 
HALL 1973). Using an inverted microscope, zooplankton 
was identified to species level. Subsamples were count- 
ed and measured until 30-100 specimens of each domi- 
nant species were analysed. Thus, the total abundance of 
a single zooplankton species was estimated by summa- 
rizing the abundances at all depth intervals while 
biomass (mg C m -2) was calculated using carbon-length 
correlations (WlNBERG 1971; BOTTRELL et al. 1976; 
KASPRZAK 1984). No obvious differences in vertical 
zooplankton distribution between ight and day were 
observed. Therefore, abundance was calculated as aver- 
age between day and night samples. 
The calculation of zooplankton production followed 
STOCKWELL ~% JOHANNSSON (1997), using a regression 
model based on production/biomass ratios. As suggest- 
ed, the equation 
p = 10(-0.26log(M) 1.36) 1.09 M N (Equation 2) 
was used when the population centre of the respective 
zooplankton species was in a temperature gime below 
10 °C, and the equation 
p = 10(-0.23 log(M)-0.73) 1 .12 M N (Equation 3) 
was used when the population centre of the population 
was in water depths with temperatures higher than 
10 °C, respectively. P is the daily production ~ug dry 
weight m -2 day-l), M is the mean individual dry weight 
~g) for the respective species, and N is the abundance 
(individuals m -z) of the given species on that day for 
both equations. Dry weight was converted into carbon 
content as given by B OTTRELL et al. (1976). Zooplankton 
species were grouped in small cladocerans (B. lon- 
girostris, B. coregoni and Ceriodaphnia sp.), planktonic 
cyclopoid copepods (A. robustus, C. kolensis, C. vicinus, 
M. leuckarti, Paracyclops p. and T. oithonoides) and 
calanoid copepods (E. gracilis, E. lacustris and H. ap- 
pendiculata). 
Due to the good ability to escape and related prob- 
lems to quantify the predatory zooplankton species 
Bythotrephes longimanus and Leptodora kindtii (e.g. 
KARABIN 1971), we were not able to estimate the abun- 
dance and production of those species. 
The estimates of cisco abundance and biomass using 
hydroacoustic recordings are described in detail by 
MEHNER & SCHULZ (2002). Separation of both cisco 
species using the hydroacoustic data is not possible, and 
the species were combined for the estimates of fish pro- 
duction. In short, hydroacoustic recordings were done at 
12 transects across the lake during nightly surveys once 
per month between April and November 2000. Due to 
technical problems with the equipment no data were 
available in July, and abundances for this month were 
linearly interpolated between June and August. 
A SIMRAD EY-500 split-beam echo-sounder with 
120 kHz operating frequency (10 ° x 4 ° beam shape, 
pulse length 0.1 ms, 2-10 pings s -1) was used. Before 
each survey, the echo-sounder was calibrated with a 
standard copper sphere. All surveys were conducted dur- 
ing complete darkness at least 1 h after sunset since it 
was known from previous investigations that cisco 
strongly dispersed over the water column during the 
night enabling a high single target resolution (60-75% 
single targets). Results from the echo-sounding transects 
were stored on a computer and evaluated by the SIM- 
RAD EP 500 analysis oftware (version 5.2; abundance 
estimates) and a test version of Echoview (version 
2.20.53, SonarData, Australia; frequency distribution of 
single targets). Volume backscattering strength (Sv) and 
target strength (TS) from single fish echoes were sepa- 
rately calculated by simultaneously applying a 20 and a 
40 log R time varied gain (TVG) function, a feature 
which is included in the EP 500 software. To account for 
the near field effect during vertical beaming, all echoes 
from a water depth <4 m were excluded. 
For the analyses, -55 dB was used as the lower 
threshold for target strength and volume backscattering, 
excluding echoes from fishes <2.5 cm total length (Lr). 
The TS of the targets was converted into fish lengths by 
the general equation for a 120 kHz echo-sounder by 
LOVE (1971) 
TS = 19.1 log (Lr) - 63.85 (Equation 4) 
where TS in dB and L r are cm. The applicability of this 
formula for ciscoes has been shown previously (MEnNER 
et al. 2003). Ciscoes were grouped into age groups 0+, 
1 +, and 2+ and older according to the length (MEnNER & 
SCHULZ 2002). 
Production of ciscoes was calculated by the discrete 
increment summation method (NEWMAN & MARTIN 
1983). It was assumed ciscoes grew from the first day in 
April until the last day in November, and growth of cis- 
coes was linear at the period. Daily growth rates in 
length for the three age groups were calculated from an 
age-length key for cisco in the lake (ANWAND et al. 2003, 
for the age group 2+ and older the fish lengths from the 
age groups 2+ to 5+ were averaged); daily mass incre- 
ments were calculated by the length-mass regression for 
C. albula from Lake Stechlin (ANWAND et al. 2003). 
Daily mass increase per age group was multiplied by the 
average abundance of those age groups, calculated by 
linear interpolation of available abundance stimates 
from the hydroacoustics to the respective day. The total 
daily cisco production was summarized from the three 
age groups, and the annual production was then the total 
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sum of daily fish production between 1 April and 30 
November 2000. Fresh weight of fish was converted into 
carbon content by dividing by 10 following W~Nt3ERG 
(1971). 
There is only one single commercial fishery at Lake 
Stechlin. The fishing season for ciscoes extended from 
April to November 2000. All ciscoes caught by commer- 
cial fisheries were measured and weighed. Recreational 
fishers do not fish for ciscoes and thus the commercial 
fish yield was identical to the total cisco catch removed 
from Lake Stechlin. 
Trophic transfer efficiency (TTE) 
Transfer efficiency between trophic levels in the pelagic 
area of Lake Stechlin was estimated by calculating the 
ratio between daily primary and zooplankton secondary 
production and between daily zooplankton secondary 
and fish production separately for each of the eight 
months sampled in 2000. Annual total efficiency was 
calculated based on the annual production rates of each 
trophic level. 
To limit the calculation of the TTE between zoo- 
plankton and cisco production, diet inspection of fish 
was necessary. Three fleets of gill nets (ten different 
mesh sizes each: 6, 8, 10, 12, 15, 20, 22, 30, 40 and 50 
mm knot to knot) were used to catch ciscoes monthly 
between April and November 2000. Fishing took place 
simultaneously with the echo-sounding surveys near the 
deepest point of the lake (Fig. 1). One fleet was exposed 
at the lake bottom, another in the hypolimnion at a 
depth of about 20 m and the third at the surface. 
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Fig. 2. Average daily production rates (mg C m -2 
day ~) of (a) primary production, (b) secondary pro- 
duction of the herbivorous zooplankton community, 
and (c) production of ciscoes in Lake Stechlin for the 
eight months between April and November 2000. 
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Biomass proportions of food organisms in the guts were 
determined volumetrically. A total of 264 ciscoes in the 
range from 6.5 to 22.2 cm total ength were used for diet >, 
analyses, o 
40 
35 
30 ¢-. 
:-~ 25 
Results ~_ 20 
Production calculations ~- 15 
The total annual primary production from April to .~ 10 
November 2000 was 78 g C m -2. Highest daily produc- ~_ 
tion was observed in June (564 mg C m -2 d -1) whereas ~ 5 
the lowest daily production was measured in November 0 
(119 mg C m -2 d -1) (Fig. 2a). 
The zooplankton secondary production for the pro- 
duction period between April and November was ap- 
proximately a fifth compared to the primary production, 
with an annual rate of 14 g C m -2 (Fig. 2b). For cladocer- 
ans, populations were most productive in spring (mostly 
B. longirostris), summer (mostly Daphnia spp. and 
Bosmina coregoni), and late summer (mostly Di- 
aphanosoma brachyurum and Ceriodaphnia sp.). Com- 
pared to all other species or groups, calanoid copepods 
were most productive during the investigated period 100 
with exceptions inAugust and October. The production 
of nauplii and cyclopoid copepods fluctuated only ~ 80 
slightly from April to November but was less than that of ~o 
the calanoids, e 60 
Q.  
Total cisco production was estimated at0.77 g C m -2, o 
total production for all age groups and between April ~ 4o 
E 
and October (Fig. 2c). After a period with relatively low = 
daily production values in April, May, and June (0.8, 1.8 ~ z0 
and 2.7 mg C m -2 d-~), production i creased up to 4.3 mg 
C m -2 d -1 in August, and ranged around 4 mg C m -2 d -~ 
from September toNovember. Ciscoes in age of 0+ and 
1+ were much more productive than fish in age of 2+ 
and older due to the substantially higher abundances of
the juvenile fish (Fig. 2c). 
Annual total cisco production corresponds to75.9 kg 
fresh weight ha -l a -1 or 33,000 kg fresh weight for the en- 
tire lake in a year. Considering just the age groups of 2+ 
or older relevant for the fisheries, production was 3.6 kg 
fresh weight ha -~ a -~ or 1560 kg fresh weight for the en- 
tire lake. 
The annual yield of the commercial fisheries was 
1050 kg of ciscoes in the year 2000. Compared to the an- 
nual production estimates, the fisheries took around 
60% of the production i age classes 2+ or older. 
Trophic transfer efficiency (TTE) of Lake Stechlin 
The TTE between primary and zooplankton secondary 
production was 18.1%, based on the total annual prima- 
ry and zooplankton secondary production. Monthly TTE 
rates were observed to have been lowest in April (7.1%), 
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Fig. 3. Average daily trophic transfer efficiency (TTE) between pri- 
mary and secondary production (dark circles) as well as between sec- 
ondary and cisco production (white circles) in Lake Stechlin for the 
eight months between April and November 2000. 
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Fig. 4. Diet composition of ciscoes (% volume) in Lake Stechlin be- 
tween April and November 2000. 
highest in September (38.1%) and November (33.1%). 
A TTE of around 15% was estimated from May to Au- 
gust and October 2000 (Fig. 3). 
Gut analyses of the ciscoes demonstrated the fish did 
not feed exclusively on herbivorous zooplankton species 
(Fig. 4), but ingested benthic diet as well. Therefore, the 
TTE was corrected by calculating only the transfer from 
zooplankton tofish production. Based on the total annu- 
al production values, the TTE between zooplankton sec- 
ondary and cisco production was 5.5%. Monthly esti- 
mates showed, that the TTE was between 2.6% and 
3.8% from April to June. Higher values (5.5%-11.6%) 
were observed from July to November (Fig. 3). Based on 
annual production sums, the TTE between primary and 
cisco production was exactly 1%. 
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Discussion 
Production and sustainability 
As shown in MEHNER & SCHULZ (2002), fish stock esti- 
mates using hydroacoustics correlated with gillnet 
catches is a promising approach in quantitative fisheries 
biology, especially for deep lakes where the pelagic area 
is inhabited by one or just a few fish species. The disad- 
vantage of the monthly technical effort and the related 
age and length analyses of the fish is counterbalanced by 
obtaining detailed ata of the annual fish production in 
lake ecosystems. Recent intercalibrations of hydroa- 
coustic systems howed a remarkably high correspon- 
dence of fish biomass estimates both within and between 
different devices (MEHNER et al. 2003; WANZENBOCK et 
al. 2003). Thus, the estimated cisco biomass and its cal- 
culated production there might be reliable for Lake 
Stechlin. However, the slightly slower growth of C. fon- 
tanae (ANWAND et al. 1997; SCHULZ & FREYHOF 2003) 
and its inclusion into the population estimates of C. al- 
bula is an error factor. But, according to a preliminary 
estimate the abundance of the Fontane cisco is less than 
10% of the total cisco abundance. Consequently, the cor- 
rect growth data of the Fontane cisco in the production 
estimates would result only in minor deviation from the 
present estimates. 
The estimated production for ciscoes older than two 
years was very low, 6.5% of total cisco production. A
generally slow growth of the ciscoes from Lake Stechlin 
and years with low commercial yields were reported 
previously (BAuCH 1956; MgILLER 1966; ANWAND 
1973). Intraspecific ompetition could be a reason for 
year class fluctuations resulting in slower growth of sin- 
gle year classes as was shown for example in Finnish 
lakes (e.g. SARVALA et al. 1998a). However, the fisher- 
man at Lake Stechlin took around 60% of the production 
of fish aged 2+ or older. Even when the available pro- 
duction of harvestable age classes was exploited to 60% 
here, the amount of ciscoes kept by the fisherman com- 
pared to the total production was just around 3.5%. 
Based on exploitation experiments, TOIVONEN (1991) 
suggested that sustained annual fish yield might be 
20-25% of total fish biomass. Similar yields were dis- 
cussed by SARVALA et al. (1998b), based on results for 
northern waters (BORGMANN et al. 1984; HOUDE & 
RUTHERFORD 1993). More recently, SARVALA et al. 
(1999) showed for the African Lake Tanganyika that an 
exploitation rate of about 25% of the annual production 
for the pelagic planktivorous fish Stolothrissa tangani- 
cae was sustainable. Subsuming, our results suggest, 
that the commercial cisco fisheries at Lake Stechlin was 
sustainable. 
Mentioned above, assumption of a 10% energy trans- 
fer between trophic levels was a good estimate of cisco 
production. Comparing our results with other estab- 
lished models (KALFF 2002) which estimate fish produc- 
tion or fish yields in northern temperate lakes, our calcu- 
lations were mainly corroborated. DOWNING et al. (1990) 
estimated the annual fish production based on primary 
production rates. Applying their regression, about 63.5 
kg fresh weight of fish ha -1 a -1 would be produced in 
Lake Stechlin. Similarly, HANSON & LE~6ETT (1982) 
suggested a method to estimate fisheries yields based on 
total phosphorus concentration. Using their equation, 
4.8 kg fresh weight ha -1 a -1 could be harvested from 
Lake Stechlin. The estimates arising from DOWNIN~ et 
al. (1990), as well as those from HANSON & LE~CETT 
(1982) correspond well to our results. But, other estima- 
tion procedures like that given by RANDALL et al. (1995) 
supply lower production values or, in case of KN~)SCHE 
& BARTHELMES (1998), higher fish yield estimates. RAN- 
DALL et al. (1995) also used total phosphorus concentra- 
tion as base parameter tocalculate the fish biomass, then 
estimated fish production from the fish biomass. Com- 
pared to our results and those mentioned before, the pre- 
dicted production of 13.9 kg fresh weight ha -1 a -1 seems 
to underestimate fish production. More parameters than 
primary production and phosphorus concentration are 
included in the model to estimate the sustainable fish 
yield by KN6SCHE & BARTHELMES (1998). Herein, lake 
characteristics like maximum depth and the size of the 
hypolimnetic area are added in the calculations. This set 
of regressions would predict a yield of around 8.6 kg 
fresh weight ha -1 a -~ thus substantially exceeding our es- 
timates. Anyhow, all methods, except for RANDALL et al. 
(1995), should be close to reality in lakes with evenly 
distributed age-classes offish. 
Trophic transfer efficiency 
Energy flow through the pelagic area of Lake Stechlin 
was quite close to the theoretical value arising from the 
model with a TTE of 10% between eighbouring trophic 
levels (PAULY & CHRISTENSEN 1995). But, a general pat- 
tern, energy transfer efficiency between phytoplankton 
and zooplankton increases with decreasing trophy in 
deep lake ecosystems (LACROIX et al. 1999). Monthly 
TTE between primary and zooplankton secondary pro- 
duction reached values above 10% in deep, oligotrophic 
Lake Stechlin (Fig. 3). In particular, TTE was highest in 
September, caused by high production in the zooplank- 
ton community on the one hand and a relatively low pri- 
mary production on the other hand. One reason for high 
transfer efficiencies at the pelagic producer-consumer 
interface under oligotrophic onditions could be, that 
food of the herbivorous zooplankton is of high quality. 
Highly unsaturated fatty acids, which can be an impor- 
tant food quality factor (WACKER & VON ELERT 2001; 
M~)LLER-NAVARRA et al. 2004), are certainly available in 
Lake Stechlin because of the dominance of centric di- 
atoms and green algae. These algae contain large 
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amounts of highly unsaturated fatty acids (= HUFA, see 
COBELAS & LECADO 1989; A~mGREN et al. 1992), where- 
as HUFA's are scarcely found in cyanobacteria. Indeed, 
cyanobacteria were relatively rare in Lake Stechlin in 
2000 (PADISAK et al. 2003). Thus, due to the dominance 
of Bacillariophyceae and Chlorophyceae good food 
quality for the herbivorous zooplankton could be con- 
firmed. 
In general, primary production values were higher in 
spring and summer compared to autumn. Thus, at almost 
similar levels for zooplankton secondary production 
TTE was lower here. The TTE between zooplankton 
secondary and fish production was very low in April and 
May, then increased with hatching of the larvae of C. al- 
bula and increased biomass production related to higher 
water temperatures and food availability. Two reasons 
might be responsible for a generally lower TTE between 
zooplankton secondary and cisco production. First, cis- 
coes were not exclusively planktivorous. Feeding on 
herbivorous zooplankton species not only increased 
their biomass, but energy and matter were available 
from benthic food (Fig. 4). Estimates of TTE of the total 
diet uptake including those from benthic origin would 
increase the pelagic TTE between secondary production 
and fish. In addition, the neglected influence of L. kindtii 
and B. longimanus in the food chain also reduced the es- 
timates of the pelagic TTE between zooplankton and 
fish. Second, the zooplankton secondary production be- 
tween April and November was represented with more 
than 50% by the production of calanoid copepods. It was 
shown, that calanoid copepods are negatively selected 
by ciscoes, which is caused by their good escape ability 
(DRE~ER et al. 1980; SC~ULZ et al. 2003). A relatively 
low proportion of copepods was also found in the diet of 
ciscoes from Lake Stechlin (ScI-~LZ et al. 2003). There- 
fore, the production of copepods is difficult for ciscoes 
to use and this may decrease the overall energy transfer 
between zooplankton and fish. 
In summary, comparing primary and fish production, 
the assumption of a 10% TTE between each of the troph- 
ic levels involved was almost perfectly reflected in the 
data, corroborating the earlier summary by PAULY & 
CHRISTENSEN (1995) that on average most pelagic food 
webs show a relatively good correspondence to the theo- 
retically predicted energy loss of 90% per trophic level. 
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